We previously reported the association between prothrombin (F2), encoding a stone inhibitor protein -urinary prothrombin fragment 1 (UPTF1), and the risk of kidney stone disease in Northeastern Thai patients. To identify specific F2 variation responsible for the kidney stone risk, we conducted sequencing analysis of this gene in a group of the patients with kidney stone disease. Five intronic SNPs (rs2070850, rs2070852, rs1799867, rs2282687, and rs3136516) and one exonic nonsynonymous single nucleotide polymorphism (nsSNP; rs5896) were found. The five intronic SNPs have no functional change as predicted by computer programs while the nsSNP rs5896 (c.494 C.T) located in exon 6 results in a substitution of threonine (T) by methionine (M) at the position 165 (T165M). The nsSNP rs5896 was subsequently genotyped in 209 patients and 216 control subjects. Genotypic and allelic frequencies of this nsSNP were analyzed for their association with kidney stone disease. The frequency of CC genotype of rs5896 was significantly lower in the patient group (13.4%) than that in the control group (22.2%) (P = 0.017, OR 0.54, 95% CI 0.32-0.90), and the frequency of C allele was significantly lower in the patient group (36.1%) than that in the control group (45.6%) (P = 0.005, OR 0.68, 95% CI 0.51-0.89). The significant differences of genotype and allele frequencies were maintained only in the female group (P = 0.033 and 0.003, respectively). The effect of amino-acid change on UPTF1 structure was also examined by homologous modeling and in silico mutagenesis. T165 is conserved and T165M substitution will affect hydrogen bond formation with E180. In conclusion, our results indicate that prothrombin variant (T165M) is associated with kidney stone risk in the Northeastern Thai female patients.
Introduction
Kidney stone disease (KSD) is an important public health problem in the Northeastern (NE) population of Thailand [1, 2] . The etiology of KSD in this population is unknown; however, the disease seems to be different from what was reported in the Western and other ethnic groups because it is not associated with the conditions of increased urinary solutes such as hypercalciuria, hyperoxaluria, and hyperuricosuria [3, 4] . Previously, our group has reported evidence suggesting a genetic contribution to kidney stone disease in the NE Thai population since the disease has characteristics of familial aggregation with a high relative risk (l R = 3.18) among members of the affected families [5] . Defects of urinary stone-inhibitor proteins, which were found as matrix proteins in human kidney stone and shown to influence the formation of calcium-containing kidney stone, have been proposed to be involved in kidney stone formation [6, 7] . These proteins can inhibit kidney stone formation at different stages such as crystal nucleation, growth, aggregation, and binding to renal epithelial cells [8, 9] . In our recent work, we conducted an association study by genotyping 67 SNPs distributed within and flanking 8 candidate genes including TFF1, S100A8, S100A9, S100A12, AMBP, SPP1, UMOD, and F2, encoding trefoil factor 1, calgranulins (A, B, and C), bikunin, osteopontin, Tamm-Horsfall protein, and urinary prothrombin fragment 1, respectively. We firstly reported the association between prothrombin (F2) haplotype and KSD in the NE Thai female patients [10] .
Human prothrombin (F2) (GenBank NM_000506, NP_000497) controls synthesis of prothrombin -the precursor of thrombin, also known as coagulation factor II (F2), a serine-protease coagulation protein in the blood stream that converts soluble fibrinogen into insoluble strands of fibrin, and catalyzing many other coagulation-related reactions. F2, located on 11p11-q12 and encompassing 20.3 kilobases (kb), encodes a protein consisting of 622 amino acids [11, 12] . Urinary prothrombin fragment 1 (UPTF1) is an F1 activation peptide of human prothrombin [13] . This 31-kDa glycoprotein was initially described as crystal matrix protein that was found to be the major protein incorporated within calcium oxalate (CaOx) crystals generated from human urine in vitro [14] . Amino acid analysis revealed that this protein contains c-carboxyglutamic acid (Gla) residues located near its N-terminus, which are responsible for the calcium-binding activity of the protein [15] . It is a potent inhibitor of CaOx crystal growth and aggregation in undiluted human urine and under inorganic conditions [16, 17] .
In the present work, we sequenced entire coding regions of F2 to identify specific variation associated with KSD in the NE Thai patients. We have now reported the association between prothrombin variant, a substitution of threonine (T) by methionine (M) at the position 165 (T165M), and KSD in the NE Thai female patients.
Materials and Methods

Patients and Control Subjects
Two hundreds and sixteen patients with KSD (135 females and 81 males; aged 22-80 years) recruited from Khon Kaen Regional Hospital, in the northeastern part of Thailand, during [2004] [2005] [2006] were studied. The controls were healthy people consisting of 216 age-matched unrelated individuals (126 females and 90 males; aged 22-84 years) who had no history of KSD and were also recruited from the same geographic area of patients. The details of the patients and control subjects have been described in our previous reports [5, 10] . Clinical characteristics of the 216 patients are presented in Table S1 .
Diagnosis of KSD was performed by radiography of kidneyureter-bladder (KUB), the scar and history of stone removal surgery, and in some suspicious cases by additional ultrasonography. The exclusion criteria of subjects were the presence of kidney stone secondary to all known causes (including renal tubular acidosis, primary hyperparathyroidism, inflammatory bowel disease, Cushing disease, hyperthyroidism, and drug-induced kidney stone) diagnosed by clinical history and symptoms, physical and laboratory, acute acid loading test, and serum electrolytes. Urine and blood sample were collected for electrolyte analyses. Stones after removal from the patients were analyzed by using Nicolet TM 380 Fourier Transform Infrared Spectrometer. The analysis of surgically removed stones from 86 patients showed that the stones from 79 patients (92%) contained calcium salts (whewellite, dahllite, and weddellite) and the stones from remaining 7 patients (8%) comprised of uric acid and struvite (Table S1 ). Thus, these 7 patients with non-calcium stones were excluded and the remaining 209 patients (132 females and 77 males) were subject to further study.
The study project was approved by Siriraj Institutional Review Board and the Ethics Committee of the Ministry of Public Health, Thailand. Informed consent was signed by the subjects before study. Genomic DNA samples from the patients and control subjects were extracted from their peripheral blood samples by using standard phenol-chloroform method.
Sequencing of F2
Specific primers for PCR amplifications and sequencing of the promoter region, all 14 exons, and exon-intron boundaries of F2, were designed by Primer3 program (http://frodo.wi.mit.edu/ primer3/) and listed in Table S2 . The PCR was performed by using the IMMOLASE TM DNA polymerase (Bioline, USA) with 0.5 pmol each of forward and reverse primers, 1x Taq polymerase buffer, 2-3 mM MgCl 2 and 100 ng of genomic DNA sample. The cycling condition was set as follows: initial incubation step at 94uC for 10 minutes, 30 cycles of denaturation at 94uC for 30 seconds, annealing at 68uC for 1 minute (for promoter 1 and exons 3 and 4) or 66uC for 45 seconds (for exons 7 and 8) or 64uC for 45 seconds (for promoter 2, exons 1 and 2, and exons 5 and 6), and extension at 72uC for 45 seconds (excepting for the cycling of promoter 1, extension at 72uC for 90 seconds was used). After the final step at 72uC for 10 minutes, the PCR products were examined by agarose gel electrophoresis. The PCR profile and condition were adjusted until a single discrete band was obtained. The PCR products were treated with ExoSAP-ITH (Affymetrix, USA) before processing for direct sequencing. PCR sequencing reaction was conducted under BigDye TM Terminator Cycling conditions and analyzed by 3730XL DNA analyzer (Applied Biosystems TM , USA) by a service provider -Macrogen Inc (South Korea). The sequencing data were analyzed by comparing with the reference nucleotide sequence of F2 (NC_000011.9) by multiple sequence alignment using ClustalW2 program (http://www.ebi.ac.uk/Tools/ clustalw2/index.html).
Genotyping of Single Nucleotide Polymorphism
The genotype of a single nucleotide polymorphism (SNP rs5896) was carried out by the polymerase chain reactionrestriction fragment polymorphism (PCR-RFLP) method. The 733-bp PCR fragment containing rs5896 was amplified by using F2F4 and F2LR1 as forward and reverse primers, respectively (Table S2 ). An initial PCR denaturation step was performed at 94uC for 10 minutes, followed by 30 cycles of denaturation at 94uC for 30 seconds, annealing at 64uC for 45 seconds and extension at 72uC for 45 seconds, with a final 10-minute extension at 72uC. The PCR product was digested with 10 U of NcoI (BioLab, England) at 37uC overnight. The digested products were subjected to electrophoresis on 3% agarose gel and the results were recorded and evaluated.
Structural Analysis of Human Prothrombin Fragment 1
The three-dimensional (3D) structures of both wild-type and variant human prothrombin fragment 1 were constructed by homology modeling. The most suitable template was initially determined by alignment of target sequence and template structure and the one with highly identity value alignment was selected. The model was built and evaluated for quality by using the SWISS-MODEL workspace (http://swissmodel.expasy.org/ workspace/). Alteration of H-bond forming pattern caused by variant protein was examined by using PyMOL VERSION 0.99rc6 (DeLano Scientific LLC, Palo Alto, California, U.S.A.).
Statistical Analysis
Statistical analysis for Hardy-Weinberg equilibrium (HWE), association between SNP genotype, allele, or haplotype frequencies and disease phenotype were performed by SNPstats program (http://bioinfo.inconcologia.net/snpstats/start.htm) and Haploview 4.1 software. P value ,0.05 was considered statistically significant in the comparisons of their differences.
Results
Sequencing of F2
All 14 exons, exon-intron boundaries, and promoter region of F2 were amplified in 12 fragments and initially sequenced in 3 DNA samples each of the cases and control subjects ( Figure 1A) . A total of 6 SNPs, 1 exonic SNP (rs5896) and 5 intronic SNPs (rs2070850, rs2070852, rs1799867, rs2282687, and rs3136516), were detected ( Figure 1B and Figure S1 ). All SNPs were analyzed for their functional impact by using four web-based programs (Mutation Taster, PolyPhen, VarioWatch, and SIFT). The 5 intronic SNPs were predicted as polymorphisms with no functional effect while the exonic SNP was predicted to be possibly damaging. The non-synonymous (ns) SNP, rs5896 (c.494 C.T), leading to a threonine (T) -to-methionine (M) substitution at amino acid 165 (T165M) was observed in exon 6 ( Figure 1B ). Multiple alignment of amino acid sequences of prothrombin from different species indicated that threonine 165 is in a highly conserved residue in the conserved region between residues 145 to 185 ( Figure 1C ).
Genotyping of Single Nucleotide Polymorphism
Genotyping of F2 polymorphism, rs5896 (c.494 C.T), was performed by PCR-RFLP method. The PCR product, 733 bp in size, was digested with restriction endonuclease -NcoI to generate 3 patterns, indicating 3 different genotypes: TT (426, 140, 93 and (Figure 2) . A total of 209 DNA samples of the patient group and 216 DNA samples of the control subject group were genotyped. The results showed that 86, 95 and 28 of the patients' samples and 67, 101 and 48 of the control subjects' samples were carrying the rs5896 genotypes TT, TC, and CC, respectively.
Statistical Analysis of F2 Polymorphisms and Kidney stone Disease
Analysis of genotype or allele frequencies of SNP rs5896 in the patients and control subjects using the web-based SNPStats program revealed their significant differences ( Table 1) . The model of inheritance considered by the least value of Akaike's Information Criterion (AIC) was found to be recessive. The patients had significantly lower proportion of homozygous genotype of minor allele (CC) than the control subjects at P value of 0.017, indicating that CC was protective to the KSD with an odd ratio (OR) of 0.54, 95% CI 0.32-0.90. Likewise, the frequency of C allele in the patients was significantly lower than that of the control subjects (OR 0.68, 95% CI 0.51-0.89, P value = 0.005). When female and male groups of the patients and control subjects were separately analyzed, the genotype and allele frequencies in only the female group were significantly different at P values of 0.033 (OR 0.49, 95% CI 0.26-0.95) and 0.003 (OR 0.59, 95% CI 0.41-0.84), respectively ( Table 2 and Table 3 ). Pairwise linkage disequilibrium (LD) and haplotype block structure were estimated by Haploview 4.1 software, using the genotyping results of SNP rs5896 from this study with 10 other flanking SNPs (rs2070850, rs3136435, rs3136441, rs2070851, rs2080752, rs3136456, rs3136457, rs3136460, rs2282687, and rs3136516) from our previous study [10] . The SNP rs5896 was found in LD with other flanking SNPs. Interestingly, two haplotypes were dually associated with the kidney stone risk; one (TGCCGTCCGCG; rs5896 is underlined) with increased disease risk (P = 0.0060) and the other (CGTTCCCGCTA) with decreased disease risk (P = 0.0010). Furthermore, these two F2 haplotypes were associated with increased and decreased disease risks in only the female group (P = 0.0092 and P = 0.0001, respectively) (Table S3-S5 and Figure S2 ).
Structural Analysis of Human Prothrombin Frangment 1
Human prothrombin fragment 1 homologue was constructed by alignment and building profile using SWISS-MODEL workspace. This program compares protein sequence to sequence databases and calculates the statistical significance of matches (low E value) and identity in percentages. Bovine prothrombin fragment 1 (PDB: 2pf1A) was selected as the most suitable template. The alignment of human and bovine prothrombin fragment 1 showed 33 from 121 amino-acid difference with E value 8610 253 , 80.9% of sequence identity without any gap. Three-dimensional structure and in silico mutagenesis was studied. The effect of amino acid change on prothrombin fragment 1 structure was investigated by PyMOL VERSION 0.99rc6 program. The constructed human prothrombin fragment 1 of wildtype (threonine 165) and variant (methionine 165) and their alterations of H-bond forming patterns with glutamic acid 180 are shown in Figure 1D . Threonine is a polar, uncharged amino acid which contained hydroxyl-and methyl group as side chains. Hydroxyl group of threonine represents a strong electron donor while glutamic acid, a polar and acidic amino acid, acts as a strong electron acceptor. Thus, a hydrogen bond can be formed between the hydroxyl group of threonine 165 and the carboxylic group of glutamic acid 180. In contrast, methionine is a neutral, non-polar, hydrophobic amino acid. Methionine more favorably interacts with other methionine or hydrophobic amino acids. Thus, 
Discussion
Kidney stone disease (KSD) is endemic in the Northeastern (NE) Thai population, causing major medical problems and economic burdens to the patients' families and local communities. Our group has recently studied genetic polymorphisms of F2, encoding urinary prothrombin fragment 1 (UPTF1) -a stone inhibitor protein, and reported the association between F2 haplotypes and genetic susceptibility or protection to the KSD in this population [10] . In the present study, we attempted to identify genetic variation in F2 by sequencing in its promoter and all coding regions. One exonic non-synonymous SNP rs5896 (c.494 C.T, T165M), was found to potentially play a role in the KSD in the studied population.
We analyzed rs5896 in 209 patients and 216 control subjects by PCR-RFLP method. The genotype and allele frequencies between two groups were significantly different. The patients had significantly lower proportion of CC genotype and C allele than the control subjects (P = 0.017 and 0.005). However, when we divided the data to analyze on the basis of their genders, significant differences were observed only in the female group with P = 0.033 and 0.003 for genotype and allele frequencies, respectively. Two haplotypes were also found to be associated with increased and decreased disease risks in only the female group. These results indicate that rs5896 plays some functional role in KSD in the female group. The reason why rs5896 plays a role only in the female group is still unclear. Our previous data on the prevalence of KSD in the NE Thai population has shown a male predominance, with a male to female ratio of about 2:1 [5] . Gender and sex-hormone genes are known to have some influence on the prevalence of KSD. In terms of complex genetic etiology of KSD, F2 seems to be a modifying gene of the disease [10] . Thus, it is possible that different modifiers may play role in two different genders or this may reflex the complex interaction between F2 and specific sex-hormone genes (e.g. testosterone or estrogen gene) in the male or female group. The relationship between SNP rs5896 and some relevant biochemical parameters of urine and serum was analyzed in a limited number of patients with available biochemical data; however, none of the analyzed parameters reached the significance level (p.0.05). With respect to this low statistical power, our finding needs to be replicated in larger sample sizes to validate this relationship. The relationships between SNP rs5896 and stone frequency or recurrence were not analyzed because they required a long-term follow up of the patients with KSD, which is not possible in the set up of our study.
The exonic location and non-synonymous nature of F2 SNP rs5896 suggest that it may exert some effect on the UPTF1 function. The rs5896 C.T results in a substitution of threonine, an amino acid with uncharged and polar side chain, by methionine, an amino acid with non-polar side chain, at the position 165 (T165M) in the kringle 1 domain of UPTF1. Homologous modeling and in silico mutagenesis of T165M substitution revealed an alteration of H-bond forming pattern ( Figure 1D ). In contrast to threonine, methionine 165 is unable to form H-bond with glutamic acid 180. Although the impact of T165M substitution has not yet been reported, this change in Hbond forming is likely to consequently alter protein structure and function. The UPTF1 kringle 1 domain is important in proteinprotein interactions with blood coagulation factors and it is believed to play a role in binding mediators (e.g. membranes, other proteins or phospholipids), and in regulating proteolytic activity [18] [19] [20] .
UPTF1 is highly glycosylated and its carbohydrate moiety seems to influence functionality. Molecular modeling located two N-glycan sites (Asn78 and Asn100) and two O-glycan sites (Thr121 and Thr122) on the kringle domain of UPTF1 [21] . The relationship between UPTF1 glycosylation and CaOx stone pathogenesis was studied by evaluation of N-linked and O-linked oligosaccharides released from UPTF1, isolated from the urine of stone formers and non-stone formers. Different levels of sialylation were observed, suggesting a protective role of glycans [21] . The glycans on UPTF1 was reported to play a pivotal role in the protein ability to retard CaOx crystallization by the later study [22] . Although glycosylation is a post-translational modification of protein, genetic factors may well have contribution. In this regard, the T165M substitution (the same position as Thr122 in Webber et al. 2006 [21] ) may affect UPTF1 glycosylation by destroying one O-glycan site. We propose that the minor (C) allele of SNP rs5896 (encoding threonine) -a protective allele for KSD, which is significantly more frequent in the control group than in the patient group, conserves the glycan site of UPTF1 and influences the UPTF1 inhibitory activity function in protection against CaOx crystallization. F2 mRNA was found to significantly reduce in kidney of a hyperoxaluric rat model of nephrolithiasis [23] and many features of UPTF1 function have been studied [21, 22, 24, 25] . However, the precise mechanism of KSD with respect to UPTF1 remains unclear. Further study on the role of UPTF1 in kidney stone formation is still required. Genetic contribution to KSD has been extensively recognized and variations of certain genes including osteopontin (OPN), vitamin D receptor (VDR), and calcium-sensing receptor (CASR) have been reported by candidate gene association studies. However, the contribution and pathogenic weight of these genes remains unclear [26] . Although the polymorphisms of candidate genes were examined in the patients with KSD, novel genetic variants and loci identified by genome-wide association studies (GWAS) have also been reported [27] [28] [29] [30] . In addition, the current next-generation sequencing techniques that are feasible to sequence all exons or the whole genomes are likely to become the commonly used tool for identification of disease gene in the near future [31] . Our group is employing genome-wide linkage analysis and exome sequencing for identification of disease-causing genes and mutations in the NE Thai families with KSD.
In conclusion, the results of our study indicate the association between specific F2 variation (T165M) and the risk of KSD in the NE Thai female patients, highlighting the role of UPTF1 in the kidney stone formation. Functional study of UPTF1 T165M should be further carried out to examine the link between genetic variation and biological function of the variant protein. 
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